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SUMMARY

Alr samples and fallout pads were collected at several intervals following
the release of a widely used home fogging product containing DDVP and
propoxur to determine the dissipation rate of these pesticides. Two to four
rooms in several homes were treated in accord with the label of the
pesticide product chosen for this study. In most homes half of the rooms
were opened for ventilation at the end of the required two-hour treatment
period while the other half were left closed for the entire 24~hour sampling
period. The results showed wide variation and were difficult to interpret
in this "real world" situation (rooms varied greatly in size, furnishings,
construction, etc.). In order to further evaluate indoor fogger behavior
studies into the aerosol dispersal, pesticide behavior indoors, mixing
dynamics, as well as toxicological properties as related to indoor settings,
need to be conducted.



INTRODUCTION

For several years, concern has continued over possible health hazards pre-
sented by single use indoor insecticide fogging products. Such products,
often referred to as "bug bombs" or "home foggers," are designed to rapidly
dispense the entire contents of an aerosol pesticide container into a room
without user intervention aside from the initial setting and triggering.
Home foggers are readily available to the public from retail outlets, such
as supermarkets and hardware stores, where they are so0ld to control home
"nuisance" pests including fleas, roaches, ants, spiders, and moths,

Several different active ingredients are commcnly used in home fogging
products, either singly or in various combinations. Active ingredients
include synthetic pyrethrin/piperonyl butoxide combinations, methoprene,
DDVP, and propoxur. One of the more common combinations of materials, DDVE
and propoxur, were selected for this study.

DDVP (2,2-dichlorovinyl 0,0-dimethyl phosphate, CAS #62-73-7) is a highly
toxic organophosphate insecticide, with an oral LD g of 56 mg/kg (female
rat), and a dermal LDgy of 75 mg/kg (female rat) Gaines, 1960). _ It is
considered to be highly volatile, with a vapor pressure of 1.2 x 1072 mm Hg
at 20°C (Worthimg, 1979). An B-hour workday/40~hour workweek time weighted
average (TWA) exposure level of 1 mg/m3 (1000 vg/m3) has been established
both as an American Conference of Governmental Industrial Hygienists (ACGIEH,
1983) Threshold Limit Value (TLV) and 2s 2 California Occupational Safety
and Health Administraticen (Cal/OSHA)} Permissible Exposure Level (PEL). The
ACGIH has not set a 15-minute Short-Term Exposure Limit {(STEL) for DDVP;
calculations specified in Subsection C of Section 5155 of Cal/OSHA s General
Industrial Safety Orders (GISO, Title 8, California Administrative Code)
would lead to a ceiling exposure limit of 3 mg/m> (3000 ug/md).

Propoxur (o-isopropoxyphenyl N-methylcarbamate, CAS #114-26-1) is a moder—
ately to highly toxic N-methyl-carbamate insecticide with an oral LD n of 86
mg/kg (female rat) and a dermal LDgsg of greater than 2400 mg/kg (rat, both
sexes) (Gaines, 1969). It is considerably less volatile than DDVP with a
vapor pressure of 1.0 x 1072 mm Hg at 120°C (Worthing, 1979). Both the TLV
and the PEL for propoxur are 0.5 m;/ms (500 ug/w3); the ACGIH has estab~
lished a STEL of 2 mg/m3 (2000 ug/m3) while calculations specified in the
GISO result in a exposure ceiling limit of 1.5 mg/m® (1500 ug/m3).

Both pesticides have similar modes of action im mammalian systems, dis-
rupting nervous system function by blocking acetvylcholinesterase activity,
DDVP by phosphorylation and propoxur by carbamylztion., Medical management
of poisoning is nearly identical, including supportive treatment and the use
of atropine (sulfate) to antagonistically compete with the pesticide. 1In
the case of organophosphate poisoning, oximes such as protopam chloride are
considered to be adjunctive therapy to the atropire; there is disagreement
over the utility of such therapy for n-methyl carbamate polsoning.

This study is a continuation of range finding studies performed by the the’
Worker Health and Safety Unit of the California Department of Food and

Agriculture (see also Maddy, et.al., 1981) to deterczine home fogger behavier
under "real world" conditions.



MATERIALS AND METHODS

Six-ounce (170 g) cans of a widely advertised and distributed home fogging
product containing 0.5%7 DDVP and 1% propoxur were used. Containers were

purchased at a local retail store, and were all of the same manufacturer’s
lot number.

Tests were conducted in the homes of Worker Health and Safety Unit personnel
and associates. In most of the residences used, two separate rooms were
treated. In one, the fogger was used following label directions, which call
for ventilation of treated areas two hours after the initial triggering of

the fogger. 1In the other room, there was no ventilation for 24 hours after
the application.

In all rooms treated, air samples were collected prior to application to
determine possible background levels of either pesticide. Windows and
ventilators were closed, and foggers were set up according to label direc-
tions, on sheets of newspaper placed on the floor mear the center of the
room. The foggers were triggered and the rooms were closed. After the
specified 2-hour "treatment period" the rooms were reentered and the empty
fogger container and the newspaper was discarded outside the room. Air
samples were then collected using the following timetable:

Time Duration Flow Rate
0-~15 min 15 min 2 L/min
15-30 min 15 min 2 L/min
30-60 min 30 min 1 L/min
1-2 hrs 1 hour 1 L/min
2-3 hrs 1 hour 1 L/min
3-4 hrs B 1 hour 1 L/min
4-6 hrs 2 hours 1 L/min
6-8 hrs 2 hours 1 L/min
8-12 hrs 4 hours 1 L/min
23-24 hrs 1 hour 2 L/min

All samples were collected using commercially prepared XAD-4 resin tubes
(SKC #226-30-11-04) with air drawn using MSA models S and TD personal air
sampling pumps. XAD-4 tubes were connected to the pumps using 2 10 cm length
of beverage grade polyethylemne tubing; tube assemblies were pointed upright,
and pumps were placed on the floor in the same location as the fogger, All
airflow rates were calibrated before and after sampling using Kurz Model
5408 mass (air) flow calibrators, which automatically compensated for
temperature, barometric pressure, and relative humidity.



Prior to the triggering of the fogger, ten 100 cm? aluminum foil "fallout
pads" were placed on the floor in a grid pattern 1.3 m from the fogger. One
pad was immediately placed into a prewashed and baked sample jar to serve as
a contrpl. The remaining pads were randomly removed, placed into prewashed
glass jars, and capped with aluminum foil at 30 minutes after the initial
treatment period, 1 hour, 2 hours, 3 hours, 4 hours, é hours, 8 hours, 12
hours and 24 hours. All samples were chilled and transported to the Worker

Health and Safety Laboratory in Sacramento for analysis by gas chroma-
tography. :

RESULTS

Results of air samples are summarized in Table 1 (DDVP levels in ventilated
rooms), Table 2 (DDVP levels in unventilated rooms), Table 3 {propoxur
levels in ventilated rooms), and Table 4 {propoxur levels in unventilated
rooms). Theoretical total airborne levels of pesticide in treated rooms
were calculated by multiplying the volumetric pesticide level (ug/mq) by the
total volume of the treated rooms. Calculation results are reported in
Table 5 (total DDVP levels in ventilated rooms), Table & (total DDVP levels
in unventilated rooms), Table 7 (total propoxur levels in ventilated rooms),
and Table 8 (total propoxur levels in ventilated rooms).

Surface levels of DDVP and propoxur measured on the fallout pads are
reported in Table 9 (DDVP surface levels in ventilated rooms), Table 10
(DDVP surface levels in unventilated rooms), Table 11 (propoxur surface

levels in ventilated rooms), and Table 12 {propoxur surface levels in unven-
tilated rooms).

Within the data sets, standard deviations were generally on the same order
of magnitude as the average values. Less than 10Z of the actual data points
were within a +/- 0.25 range of the average values, When the high and low
values within data sets were removed, average levels of airborne DDVP sig-
nificantly decreased. When corrected for room volume dilution, air samples
still showed wide variation. No correlation could be found between air data
values and either room volume, or the amount found on fallout cards. ﬁ

DISCUSSION

No reference levels are available to evaluate prolonged (mom-occupational)
exposure to either DDVP or propoxur. In the absence of such references,
occupational exposure guidelines such as the PEL or TLY-TWA are cccas-—
sionally extrapolated to produce such a reference. This extrapolation is
performed by taking the TLV-TWA or PEL and reducing it by a factor of 4
(1/4) to expand the exposure base to a 24-hour day/7-day week, and further
reducing this level by a factor of 10 (1/10) to add a safety margin for
infants and the elderly. Using these calculations, DDVP would have an
exposure guideline of 25 ug/m> and propoxur 12.5 ug/m3. It should be noted

that there is no stromg scientific evidence to either support or refute such
an extrapolation.

Due to the high degree of variation within the data sets, definite conclu-
sions can not yet be drawn from the data collected in this study in regards
to the safety of this type of product, the adequacy of label instructions,



or in reference to extrapolated exposure guidelines. The excessive varia-
tion within data sets may be due to a number of interrelated factors
including:

1) room temperature during application

2) changes in room temperature during Z4~hour sampling period
3) wvariability of aerosol can dispersion/performance

4) room ventilation rates

5) leakage in unventilated rooms

6) room disturbances during sampling

Factors (1) and (2), and to a lesser degree (4), (5), and (6) would have
direct impact on the volatility of the pesticides, especially DDVP. Factor
(2) in particular, would strongly affect the apparent degradation/dispersion
curves. Factors {(4), (5), and (6) may also affect secondary aerosclization
of the deposited pesticides, especially the less volatile Propoxur.
Factor (3) may significantly affect the amount of pesticides in the room
from the start of the tests. CDFA Chemistry Laboratory Services personnel
involved in product quality testing report that quantities of actjive ingre-
dient yielded from aerosol cans during routine tests varied greatly
depending on the length of time and vigor used in shaking the aerosol
contziners prior to triggering (Rivera, Persomal Communication, 1984), 1In
addition, there is at least one literature report (Heard, 1984) of a defec-
tive fogger "sputtering” material at a much slower rate than expected,
Variance in dispersal may also cause loss of pesticide by altering the
amount of pesticides deposited om the protective layer of newspaper placed
under the fogger can, and removed at the end of the 2-hour treatment,
consequently reducing the actual amount of material available for dispersion
by volatilization and secondary aerosolization. '

Correction for total room volume, as seen in Tables 5, 6, 7, and 8, may also
be misleading or inaccurate as it assumes that perfect mixing (1002
dispersal) occurred within each room, a highly unlikely event in real world
situations.

CONCLUSIONS

Unexplained variability of data collected indicates that before evaluation
of indoor fogger behavior is made, further regsearch into the mechanics of
pressurized aerosol can, the behavior of pesticides in indoor settings, and
room mixing dynamics must be performed. Further evaluation of the toxicolo-
gical properties and hazards of pesticides used in household settings in
Telation to the general population rather than to healthy workers in the
workplace is needed. Finally, additional evaluation of actual fogger-
related illnesses is needed to determine whether additional studies
concerning household fogger performance is necessary.
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